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1
Introduction

A study item on heterogeneous network was initiated at the last RAN plenary [1]. As part of the SI, it was required to define and evaluate the performance of Heterogeneous Networks in RAN1.
In this contribution, we propose a new system scenario involving deployment of macro and small cells that can serve as a reference system scenario for evaluating HetNets deployment performance, issues as well as enhancements.

2
Categorization of new nodes

Low power nodes can be broadly categorized into Remote Radio Heads (RRH) and Picos. The assumptions on the access and location of these nodes are provided in Table 1.
Table 1: Categorization of new nodes

	
	Backhaul
	Access
	Notes

	Remote radio head (RRH)
	Several µs latency to macro
	Open to all UEs
	Placed indoors or outdoors

	Pico NodeB (i.e. node for　Hotzone or Small cells)
	Iub
	Open to all UEs
	Placed indoors or outdoors. Typically planned deployment.


3
Heterogeneous Network Deployment Scenarios

As part of the study item, we should evaluate how the performance varies as a result of the deployment of the low power nodes. The assumptions on the node deployments are listed in Table 2.
Table 2: Heterogeneous network deployment scenario

	Case
	Deployment Scenario

	1
	Macro + outdoor RRH/Pico

	2
	Macro + indoor RRH/Pico


4
Placing of new nodes and UEs

One of the desired objectives of heterogeneous networks is to utilize low power nodes to enhance system capacity in situations where user density is non-uniform. To evaluate potential schemes and system gains, a systematic framework for modelling such non-uniform user densities is essential. 
Tables 3 and 4 show configurations 1 and 2 where the user densities are uniform and non-uniform respectively. 

Table 3: Placing of new nodes and UEs

	Configuration
	UE distribution within a macro cell
	User Location

	1
	Uniform
	Mix of indoor and outdoor users

	2
	Clusters
	


Outline of Node and UE placement procedure

· Fix the total number of users, Nusers, dropped within each macro geographical area.

· Randomly and uniformly drop the configured number of low power nodes, N, within each macro geographical area (the same number N for every macro geographical area).

· Randomly and uniformly drop Nusers_lpn users within a configured radius R of each low power node, where 
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, where Photspot is the fraction of all hotspot users over the total number of users in the network. Photspot is shown in Table 4
· Randomly and uniformly drop the remaining users, Nusers - Nusers_lpn*N, to the entire macro geographical area of the given macro cell (including the low power node user dropping area).
· Indoor UEs are modelled with an additional path loss having a lognormal distribution; mean = 11dB, and std dev = 6.5dB.

Table 4: Configuration parameters
	Nusers
	N
	Ptotal [dBm]
	User Dropping
	Radius R [m]
	Percentage of Indoor users [%]

	16
	2, 4
	24, 30, 37

	Uniform,

Clustered (Photspot = ½)
	40, 80
	0, 60

	32
	2, 4, 8
	
	
	
	

	64
	4, 8, 16
	
	
	
	

	128
	8, 16, 32
	
	
	
	


5
Heterogeneous System Simulation Baseline Parameters

Table 5: Heterogeneous system simulation baseline parameter
	Parameter
	Assumption

	Low Power Node Type
	RRH / Pico

	Nodes per macro-cell
	1, 2, 4, 8,16, 32

	Carrier Configuration
	Single Carrier (SC) or Dual Carrier (DC)

	Distance-dependent path loss from new nodes to UE
	Macro to UE:

L= 128.1+37.6log10(R)

Outdoor Pico to UE:
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 for 2GHz, R in km
Indoor Pico to UE: TBD

Indoor UEs are modelled with an additional pathloss having a lognormal distribution; mean = 11dB, and std dev = 6.5dB.

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	Shadowing correlation
	For outdoor RRH/Pico
0.5

For indoor RRH/Pico
0

	Penetration Loss  
	20 dB 

	Antenna pattern  (horizontal) for New Node
	Pico:
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 dB (omnidirectional)
RRH: TBD

	Carrier Frequency
	CF= 2GHz 

	Propagation channel
	Pedestrian A 3Kmph

	Total RRH/Pico TX power (Ptotal)
	24, 30, 37 dBm – 5, 10MHz carrier
(37dBm is outdoor only)

	UE power class
	23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Inter-cell Interference Modelling
	DL: Explicit modelling else cell power = Ptotal
UL: Explicit modelling (all cells occupied by UEs),

	Node Antenna configuration
	1 tx, 2 rx antenna ports, or 2 tx , 2 rx antenna ports

	Antenna gain + connector loss
	5dBi

	Placing of new nodes and Ues
	See Table 4

	Minimum distance between new node and regular nodes
	>=75m

	Minimum distance between UE and regular node
	>= 35m

	Minimum distance between UE and new node (RRH/Pico)
	For outdoor RRH/Pico
> 10m 
For indoor RRH/Pico
>= 3m

	Minimum distance among new nodes
	50 m


6
Conclusions

In this contribution, a simulation framework corresponding to a heterogeneous environment of macro and low power nodes for UMTS was introduced. These can used as a baseline to evaluate performance from HetNets deployment, to study the potential issues and solutions, such as interference management, control channel reliability and mobility enhancement, etc, as well as to evaluate the further enhancement to hetnets for system performance improvements.

Proposal: Tables 1-5 are used as simulation assumptions for the study on Heterogeneous Networks
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